ABSTRACT: This article investigates whether there are statistically significant differences among the costs of equity capital of Brazilian companies estimated by four models and their variants: Gordon, CAPM, APM and Ohlson-Juettner. We used a cross-section of 34 companies that were part of the São Paulo Stock Exchange Index (IBOVESPA) on December 29, 2005. The results do not permit saying that the choice of model makes no difference in estimating the cost of equity capital, so the methodology hypothesis was rejected. The models based on profit and dividend projections, notably the OJ and Gordon models, resulted in equivalent mean values and also were those that most resemble each other. The OJ model appears to be theoretically superior to the Gordon and Gordon & Gordon models, given that it was developed with fewer premises and in a more analytic manner.
INTRODUCTION
ne of the most important steps in the process of valuing companies, mainly those listed on stock exchanges, is to measure their cost of equity capital. Much of the importance of adequate estimation of this variable rests in the sensitivity of the valuation models to changes in the discount rates employed 1 .
The concept of cost of equity capital, although widespread, has subjective characteristics because it is not a directly observable variable. For companies with many shareholders and potential future shareholders, it is not possible to know exactly what return they require on their investments. Therefore, several models have been developed to ascertain, within the premises of economic rationality, what a determined company's cost of equity capital is.
In order to compare the methods for estimating this variable, this work investigates whether there are statistically significant differences among the equity capital costs estimated for Brazilian companies through the following models: i) Gordon model; ii) capital asset pricing model (CAPM); iii) arbitrage pricing model (APM); and iv) Ohlson-Juettner model (OJ).
The next section explains these models briefly, then Section 3 discusses the design of the study and the sample used, and Section 4 presents the results. Section 5 concludes.
ESTIMATION MODELS
The models used in this study are quite widespread in the financial and accounting literature 2 and each of them, evidently, has advantages and disadvantages in relation to the others. Below we briefly present each of these models' formulations.
The Gordon Model
The classic model of Gordon (1962) , also known as the dividend discount approach, proposes that a stock's expected return is given by the discount rate, which equals the current share price with the expected future dividend flow, according to the formula below:
where P0 is the current share price; dpst is the expected dividend per share at date t; and r is the equity capital cost. 1 Normally one of the main components of calculating the discount rate in valuation models is the cost of equity capital. 2 Examples include Bernstein and Wild (1997) , Copeland et al. (2000) , Damodaran (1997) , Palepu et al. (2004) , Penman (2001) , White et al. (2003) , Ross et al. (1995) and Iudícibus and Lopes (2004 Using the premise that the expected future dividend flow can initially be represented by the expectation for the next period and that the growth rate of the dividends for the periods thereafter is constant, the formula above reduces to:
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(1  r) t r  g where g is the expected constant dividend growth rate. From this expression, the equity capital cost it given by:
Gordon (1993) suggested that this approach be operationalized by substituting the expected growth rate of profits for the expected dividend growth rate, which is only appropriate when the dividend-share price ratio is constant over time. This premise is frequently violated.
The main shortcomings of the above approach are the hypothesis of constant dividend growth and the direct relationship between dividends and profits. Gordon and Gordon (1997) tried to circumvent this drawback by developing a variation of the original Gordon model with a finite horizon.
Various authors have argued that a firm cannot expect high or low growth forever. Thus, there is a finite number of periods in which growth can be abnormal, after which it is assumed that the shareholder will be content to receive the equivalent of the return on equity. With these premises, which are less restrictive than the previous ones, the improved equation considering the possibility of differentiated growth of the future dividend flows becomes:
where t is the number of periods for which abnormal growth is expected and eps(t+1) is the earnings per share in period t+1 (the period when earnings growth stops being abnormal). Gordon and Gordon (1997) suggested that the definition of n should follow the horizon that analysts use for their projections, which is roughly five years. Thereafter, they pointed out, the consensus of opinion among analysts deteriorates rapidly. Hence, they concluded that a value of n between five and ten is reasonable. However, subsequent studies have used shorter horizons, such as Botosan and Plumlee (2001) , who used n equal to three.
The Capital Asset Pricing Model (CAPM)
The capital asset pricing model is an economic model used to value bonds, by relating risk and return. Its formulation originated from the initial idea of Markowitz (1952) that an investment decision is limited to the combination of investing or funding at a risk free rate plus the premium offered by the market portfolio (ARAÚJO, p.15).
Sharpe and Treynor, cited in Araújo (1996, pp. 21-22) , concluded that the risk measured by variance is composed of systematic risk (which is correlated with the total portfolio risk) and non-systematic risk (which can be eliminated by diversifying the portfolio). The systematic risk, called beta, is measured by the covariance between the variation in the particular share price in relation to the mean variation of all share prices. The CAPM can be used to measure the expected return (cost of capital) of a security individually and to measure the expected return of a portfolio of assets. However, in both cases, the CAPM assumes the basic hypothesis that the premium to the investor is determined by the systematic risk. The CAPM equation is represented as follows:
where: rpt is the expected return (cost of capital) of portfolio p (or asset p) in time period t; βp is the systematic risk of portfolio p (or of the asset in relation to the market risk), given that Cov(rpt, rmt)/Var(rmt); δ1 is (rmt -rft); rmt is the market return (or the return on an appropriate class of assets) in period t; and rft is the return of a risk-free asset in period t; Normally the risk-free asset is represented by public bonds and the market return by an index that represents the trading occurring in a secondary market, because it would be impractical to include all risky assets in the economy and evaluate their respective weightings (GREGÓRIO, p. 50) .
In Brazil the index most often used as a proxy for trading in the secondary market is the São Paulo Stock Exchange Index (IBOVESPA), which reflects the evolution of stock prices, and for the risk-free rate of return the SELIC rate (System for Settlement and Custody of Public Securities) (GREGÓRIO, pp. 50 and 51) 3 . However, because of the peculiar characteristics of the Brazilian market (Brazilian sovereign debt cannot be considered totally risk free, mainly because the country has declared moratoriums twice in its history, and there is no index that adequately represents the model's assumptions), the CAPM cannot be used solely with Brazilian indices.
Therefore, besides the CAPM with Brazilian indices, we use American indices as well, adapted to Brazilian reality by the country risk. The risk-free return considered here, then, corresponds to that on U.S. Treasury Bonds, and for the market rate we used the Standard & Poor's (S&P) 500, corresponding to the 500 most-traded shares on the New York Stock Exchange (NYSE).
The Arbitrage Pricing Model (APM)
According to Reilly and Brown (2003) , at the start of the 1970s there was a search for a new pricing model to serve as an alternative to the CAPM and that would have more flexible theoretical assumptions and greater efficiency in verification and practical prediction of market returns. The result was the arbitrage pricing model (APM).
According to the APM, the rate of return of securities consists of two parts: one is the normal or expected return, and the second is the uncertain or unexpected return. This second portion is determined by information or news that is hard to forecast, but can naturally occur in a period. Therefore, any announcement can be decomposed into expected or anticipated news on the one hand and unexpected news, surprises or innovations on the other. It is possible, then, to decompose these "unexpected pieces of news" (or risk) in two ways, one With this formulation, the return on a security consists of the interest rate on risk-free investments complemented by a risk premium, but the calculation of the return is influenced by macroeconomic factors that affect securities prices in general, such as the level of economic activity, basic interest rate, oil price and exchange rate, among others.
With this, according to Martins (2001, p. 213) , "since the risk is decomposed by macroeconomic factors, the expectation is for the ´s of the APM to be more appropriate than the generic CAPM measure." Therefore, the return on securities by this model is determined by the equation:
where R is the observed return in the period, R is the expected portion of this return, m is the systematic risk, and ε is the company-specific risk, which is not related to the specific risk of other companies. For each risk there is a beta coefficient, β, which tells us the reaction of an asset's rate of return to a systematic risk. The systematic sources of risk are called factors and can be designated by F. Thus, the model for each asset is designated by:
where R is the observed rate of return in the period, R is the expected portion of this return, β is the coefficient that determines the reaction of the rate of return to each systematic risk, and ε is the company-specific risk. Condensing equation 7, which represents the yield of an individual security according to diverse factors, and transforming it into a single factor gives:
Besides concern over the factors that will be used explicitly in the APM, the model makes the following theoretical assumptions:
1. The returns are generated according to a linear model of factors. 2. The number of securities tends to infinity. 3. Investors have homogenous expectations.
As can be seen, the model has an expected risk premium that depends on a calculated factor along with the sensitivity of the yield in relation to each beta factor. With this, the equation for the risk premium of a particular stock is the following: Risk premium of share i = i1(rfactor1-rf) + i2(rfactor2-rf) + ... + ik(rfactork-rf)
Finally, to calculate the cost of equity capital, the risk premium of the share is added to the yield of a risk-free asset, as follows:
Cost of equity capital = Risk premium of the share + Rf (10) Several measures can be used for the risk-free return, such as the rate paid on guaranteed passbook savings accounts, the rate of Brazilian sovereign bonds or the rate paid on 10-year American Treasuries.
In tests with Brazilian data, Garcia and Bonomo (2001) used the yield of a market portfolio and an unexpected inflation component, and indirectly the interest rates prevailing in the economy. Schor, Bonomo and Pereira (2002) employed industrial output, inflation, credit risk, real interest rate and market portfolio return (obtained from the residuals of the extra return of the IBOVESPA in relation to the inter-bank certificate of deposit rate). Nakamura and Camargo JR (2002a and 2002b) , using factorial analysis, obtained factors representing :
(1) economic performance; (2) unemployment; (3) inflation; (4) exchange rate; (5) foreign exchange reserves; (6) IBOVESPA/bank CD; and (7) current transactions in relation to GDP.
In this work we use the following factors: (1) oil prices (Brent FOB and WTI FOB), (2) return of the particular stock; (3) overall market returns (IBOVESPA, IBrX, Dow Jones), (4) inflation, (5) exchange rate between the Brazilian Real and the dollar; and (6) inter-bank deposit rate.
One of the problems encountered in the mathematical formulation of the APM is that there is no econometric theory that says which factors can be correlated in the observed equation. Hence, there is a need to verify if the equation really identifies all the desired factors. Despite this, the APM has the advantage of not depending only on just the overall market, as does the CAPM.
The Ohlson-Juettner (OJ) Model
In a recent article, Ohlson and Juettner-Nauroth (2005) developed a model in which the expected earnings per share (eps) 4 and its subsequent growth determine a company's value. Among the positive points of this model is its practical applicability and generalization of the constant dividend growth model of Gordon. The model assumes that the net present value of future dividends per share (dps) determine the price, but it does not impose restrictions on how the expected dps sequence should evolve (as for example the Gordon model, which assumes constant dividend growth and a homogenous relation between dps and eps). Additionally, Ohlson and Juettner-Nauroth (2005, p.350) commented: In fact, the model is based on an assumption that the current price does not depend on the dividend policy in a typical MM-type 5 framework. In a very real sense, the core of the model shows how the current price depends on forward eps and their subsequent growth as captured by two dividend-policy independent measures of growth. The OJ model determines a company's value as a function of the eps of the next period, the short-term growth of the eps, the long-term growth of the eps and the cost of capital.
To present the OJ model, it is first necessary to discuss the model developed by Ohlson (2005) , called abnormal earnings growth (AEG). Ohlson (2005) demonstrates that: eps Ohlson and Juettner-Nauroth (2005) reported that zt can be interpreted by thinking of rzt, as if it were a measure of expected performance for the period (t, t+1).
Thus rz t  [eps t1  (Reps t  rdps t )], (Reps t  rdps t ) is a type of benchmark for the expected eps for the period (t, t+1). If zt = 0, P0 = eps1/r. Hence, zt > 0 represents the expectation of better earnings per share performance measured by the changes in the eps adjusted by the retained earnings. To investigate the meaning of zt and get an initial picture of the neutral impact of the dividend policy (under a given premise) on the share price, one can consider the following situations:
1. Payout 6 of 100%: in this situation, rzt = ∆epst+1, so zt = 0 if and only if epst = epst+1, i.e., if there is no expected growth in the earnings per share, and thus P0 = eps1/r. 2. Payout of 0%: in this situation, rzt = epst+1-Repst, so zt = 0 if and only if ∆epst+1/epst = r, i.e., if the expected growth in earnings per share is equal to the cost of capital, and thus P0 = eps1/r.
It is not intuitively evident that a company's dividend policy does not influence its stock price, but Ohlson and Juettner-Nauroth (2005) demonstrate that in their model this is indeed the case, because ∂zt+τ/∂dpst= 0 for all τ ≥ 0 if and only if ∂epst+ τ/∂dpst= -rR τ-1 . This means that one additional Real distributed in dividends today fails to produce R$rR (as financial revenue) for the company in the next period, R$rR 2 in the next, and so forth. Under this condition, the dividend policy does not affect zt.
The model's second premise is that the sequence {zt}   satisfies the following condition: zt+1= γzt , t = 1,2,3,… , where 1 ≤ γ ≤ R and z1> 0.
Thus, under the premise that the present value of the expected dividends per share equals the value of one share and that the sequence {zt}   evolves positively, they develop the model so that the cost of capital can be represented by:
It is interesting to note that although equation 12 appears to be complex, it only depends on the following variables: current price per share; dividend per share expected at the end of 6 Ratio between dps and eps. period 1, earnings per share expected at the end of period 1, the expected earnings growth in period 1 in relation to period 2 and the parameter γ. Table 1 presents a summary of the pros and cons of the methods presented. 1. According to Roll (1997) , the model cannot be tested empirically, since it is not possible to know the expected return of the market portfolio, which must represent all assets in the economy. Schor, Bonomo and Pereira ( 2004, p. 55) Having summarized these advantages and disadvantages, we now delineate the study itself.
Summary of the Advantages and Disadvantages of the Models Presented

RESEARCH METHODOLOGY
As seen above, there is a wide range of opinions in the accounting and financial literature regarding the best method for calculating the discount rates. One of the big problems in using this variable is that it is not observable, so it must be estimated.
For example, in the article by Botosan and Plumlee (2001) , the authors used the Gordon & Gordon model to compare the company disclosure level and expected cost of equity capital, while a year beforehand, the same authors, Botosan and Plumlee (2000) used the Ohlson model for the same purpose, and Botosan (1997) had already used the Ohlson model (first version) before this.
Other works, such as that of Chen, Chen and Wei (2003), have analyzed the relation between cost of equity capital (formulated by the OJ model), the level of company disclosure and their corporate governance level. To a certain extent there is a tendency among more recent authors to use the OJ model, since it is also more recent, contains accounting data in its formulation and has fewer premises than the other models. However, the question that can be raised is: If these authors had used other formulations for the discount rates, would their responses have been the same?
Similarly, Hail (2002) , in a study that associates the cost of equity capital with companies' disclosure level, mentions using the Ohlson model for the cost of capital.
In Brazilian academic research in accounting and finance, the CAPM is the preferred method for estimating the cost of equity capital. One example is Alencar and Lopes (2004) , who used beta from the CAPM to compare the level of disclosure and cost of equity capital. Their justification is that this beta represents the expected return, which is an ex-ante concept, representing a specific risk for a company, including the level of disclosure. Following the current international trend, Nakamura et al. (2006) applied the CAPM, the dividend discount model and the OJ model to estimate the cost of equity capital in their study on the impact of companies' disclosure on this cost.
In the line of empirical comparison of methods, Galdi and Lopes (2006) analyzed the results of the discounted cash flow model and the valuation model by residual earnings based on analysts' market projections, including discount rate projections (the majority of them carried out using the CAPM).
Perceiving the relevance of this subject to the academic and professional community and knowing that all research is done through a problem to be solved (GIL, 1999, p. 49) , which according to Kerlinger (1980, p. 35) "is a question that shows a situation that needs discussion, investigation, decision or solution," we aimed in this work to respond to the following research problem:
Is there a significant difference among the cost of equity capital estimates based on different calculation methods? Therefore, we formulated the following methodological hypothesis:
Methodological Hypothesis: No concern is necessary in choosing the suitable model to measure cost of equity capital, because all the models produce equal discount rates. After analyzing this sample of companies and seeking the specific data, we perceived that for our purposes we could only use data on 34 companies, since some of the companies were not available in the database of ThomsonOneAnalytics 7 , or did not have a complete time series of returns. Table 3 presents the means, standard deviations, medians and maximum and minimum values estimated by the models under analysis. The variable "apttbond" considers the APM formulation expressed in equation (10), using the risk-free rate as that on the American TBond; the variable "aptcbond" considers the same formulation using the Brazilian C-Bond; and the variable "aptsav" considers this formulation using the rate paid on guaranteed savings accounts in Brazil. The variable "gordon1B" represents the formulation presented in equation (3), assuming a long-term growth rate of 6% a year; the variable "gordon1" represents the same formulation but with the long-term growth rate given by the result of regressing the growth of dividends projected by the analysts for the next three years; and the variable "gordon2" represents the formulation presented in equation (4). The variable "oj" is the result of the estimation carried out based on equation (12), considering a long-term growth rate of 6% a year. The variable "capmbr" represents the CAPM calculated with data from the Brazilian market; and the variable "capmus" refers to the same model based on the variables from the U.S. market (risk-free rate of return and expected market rate of return) plus the Brazil risk. Finally, the variable "capmbr5" represents the CAPM calculated with the data from the Brazilian market based on the returns of the past five years, and the variable CAPM does the same using the variables from the American market, adding the Brazil risk. It can be seen that the largest deviations come from the results of the "gordon1 model (without establishing a fixed growth rate) and "gordon2" model. The other variables demonstrate a more standardized behavior, but still with relevant differences between some results. One result that stands out is the large disparity between the CAPM calculated based on the expected return of the Brazilian market, "capmbr", in relation to "capmus", which considers the risk premium based on the variables in the U.S. market, adding the Brazil risk at the end of the calculation.
The use of the IBrX in 2005 (a very good year for the Brazilian market) as the expected return for the Brazilian capital market affects the result of the "capmbr", putting it way above the normal market rates. Additionally, the disparity between the "capmbr5" and "capmus5" can be explained by the negative average return in the period of the S&P 500 index, representing companies listed on the NYSE. In this context, if the analysis of the expected returns were conducted based on historic data from the past five years, the risk premium would become negative, thus affecting the expected return.
To give a better understanding of the relationship among the variables, Table 4 presents the result of the Pearson correlations for the variables under study. It shows there are some negative correlations, which is contrary to the theory that the expected result for the cost of capital should not be different just because of using different models. However, it should be noted that only some of the correlations between the models are negative, and among these few are significant at the 5% or 1% levels, which is in line with the theoretical structure of the models. Hence, when the cost of capital increases for one of the models, the impact in another model will also be positive. At this point it is essential to understand the difference among the models more deeply. To elucidate this, we used difference of means tests to compare all the models, pairwise, attempting to identify differences between them.
We used the hypotheses below to carry out this pair-wise comparison.
The null hypothesis, as demonstrated above, infers that the mean of the indices calculated in one form is equal to the mean of the same indices calculated in another form, and so on.
In this type of test, the means are paired, because what is being compared is the same variable, "cost of equity capital", only calculated based on different measurement methods.
For analysis of two paired means, the µn is removed from the formula and the following null hypothesis is used: After calculating the cost of capital estimates, we ascertained the differences between the results obtained using each of the models. We used the Kruskal-Wallis (nonparametric) test, which tests together whether k independent samples come from the same population, and the parametric difference of means test.
We considered a 5% probability of the occurrence of a type 1 error, i.e., rejecting the null hypothesis when it is really true. To adequately apply the parametric paired-means test, the variables must be normally distributed. To discover this, we used the KolmogorovSmirnov test.
According to Siegel (1956, pp. 46-52) , the null hypothesis of the Kolmogorov-Smirnov test posits that the differences between the accumulated frequency distribution of a random sample of N observations, F0(X), and the theoretical distribution under H0 (in this case the normal distribution), Fe(X), are small and within the limits of random errors. We performed the Kolmogorov-Smirnov test at a 95% level of confidence ( = 5%). The null hypothesis is H0: the variable follows a normal distribution. The results obtained with this test are in Table 5 . The results of the Kolmogorov-Smirnov test indicated not rejecting the normality of the variables for the majority of the models, with the exception of "gordon1" and "gordon2". We now present the results of the difference of means test.
RESULTS
We first ran the Kruskal-Wallis test, which tests the joint hypothesis of equality of the means. By this, we tested whether the means ascertained by the Gordon, CAPM, APM and OJ methods are statistically equal. The test hypotheses are: H 0 : µ gordon = µ capm = ..... = µ oj = µ apm H1: at least one of the means is different Table 6 shows the results of the Kruskal-Wallis test. The results presented in Table 6 did not permit us to say that the costs of capital calculated based on the different models have equal means. Thus, the pairwise parametric analysis of the models was indicated, except for the "aptcbond" model (because it presented the same nature and had correlation of 1 with "apttbond", making its analysis in this respect redundant). We should stress that we also did not conduct the test for the "gordon1" and "gordon2" models, since these were not accepted by the normality test. We now use the test of paired difference of means (parametric). The results are detailed in Table 7 .
Since the number of variables under analysis is 8, we have  8  combinations, or 28 combinations between the variables/models. The shaded rows represent the models to which a statistically significant difference cannot be attributed (at 1%) between their mean results. These models, then, can be said to be equivalent for the calculation of cost of equity capital. The results shown in Table 7 demonstrate that the CAPM and APM, based on American market data, result in statistically similar values. Additionally, the Gordon and OJ models result in equal mean values, with the greatest significance being between the "gordon1B" and "oj" models. A detail that calls attention is the statistically significant difference between the means of the values calculated by the CAPM based on the American data plus the Brazil risk in relation to the CAPM calculated directly from Brazilian market data.
Gordon 2 and OJ models had good acceptance in the tests of mutual equalities and equalities with the other models.
CONCLUSIONS
This work investigated the models for estimating the cost of equity capital and their respective results based on empirical data with the intention of responding to the following research question: Is there a significant difference among the values estimated for the cost of equity capital using different calculation methods?
In this context, we used the Gordon, CAPM, APM and OJ models and some different specifications of each type (referring to the Gordon, CAPM and APM).
The results do not permit saying that the choice of model is indifferent in relation to the outcome of estimating the cost of equity capital. Besides this, it can be said that the methodological hypothesis was rejected, and there are differences from selecting a model to measure the cost of equity capital, because the models demonstrate different discount rates when examined in their total.
We also used paired tests (parametric and nonparametric) to verify the equality between the pair-wise means. The models that most stood out were Gordon, modified Gordon and OJ. So in many cases there are significant differences in means for each type of model. The evidence indicate that due to its more subjective structure, the CAPM is the most sensitive model to variations in its formulation. In reality, both the CAPM and APM have very strong subjective values, besides having technical problems when applied in a developing country like Brazil, whose capital market is not as developed and efficient as in more advanced countries such as the United States.
The models based on earnings and dividends projections, notably the OJ and Gordon models, resulted in mutually equivalent mean values when the premises used were the same. It is important to comment on the theoretical superiority of the OJ model, given that it was developed with fewer premises and in a more analytic manner when compared with the Gordon and Gordon & Gordon models. This is perhaps one of the explanations for the growing acceptance of the OJ model in international works on cost of equity capital.
Although the results and conclusions here have important implications, some limitations of the study must be pointed out, namely that the conclusions obtained are restricted to the sample studied and the variables and the statistical tools used. This points to new research opportunities applying other statistical tools to different variables in comparison to those of the present work.
